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Nasopharyngealcarcinoma(NPC)isauniquediseasewithaclinicalpresentation,epidemiology,andhistopathologydiﬀeringfrom
other squamous cell carcinomas of the head and neck. NPC is an Epstein-Barr virus-associated malignancy with a marked racial
and geographic distribution. Speciﬁcally, it is highly prevalent in southern China, Southeast Asia, and the Middle East. To date,
most NPC patients have been diagnosed in the advanced stage, but the treatment results for advanced NPC are not satisfactory.
This paper provides a brief overview regarding NPC, with the focus on the early detection of initial and recurrent NPC lesions.
1.Introduction
Nasopharyngeal carcinoma (NPC) is a nonlymphomatous
squamous cell carcinoma that occurs in the epithelial lining
of the nasopharynx. This neoplasm shows varying degrees of
diﬀerentiationandisfrequentlyseen inthepharyngeal recess
(Rosenm¨ uller’s fossa), posteromedial to the medial crura of
the Eustachian tube opening in the nasopharynx [1].
NPC is a distinct form of head and neck cancer that dif-
fers from other malignancies of the upper aerodigestive tract
in terms of its etiology, epidemiology, pathology, clinical
presentation, and response to treatment [2]. Outside of en-
demic areas in Southeast Asia, NPC is rare, occurring in
less than 1/1,000,000 people [3]. In North America, NPC
accounts for approximately 0.2% of all malignancies, with
approximately 0.5–2 cases per 100,000 males and about one-
third of that in females [4–6]. The incidence of NPC re-
portedly remains high among Chinese people who have
emigrated to Southeast Asia or North America, but is lower
among Chinese people born in North America than in those
born in Southern China [7, 8]. This ﬁnding suggests that ge-
netic as well as environmental factors play a role in the cause
of the disease [9].
The mainstay of NPC treatment is radiotherapy, but
treatment results for advanced NPC is not satisfactory. The
focus of this review is to provide an overview of NPC, espe-
cially the recent insights regarding early detection of NPC.
2.Epidemiologyand Etiology
NPC is a relatively rare malignancy in most parts of the
world. It accounts for 2% of all head and neck squamous cell
carcinomas, with an incidence of 0.5 to 2 per 100,000 in
the United States [10]. However, it is endemic in many geo-
graphical regions, includingSouthernChina, SoutheastAsia,
Japan, and the Middle East/North Africa [10, 11]. Ho [12]
reported that NPC is the third most common malignancy
among men, with an incidence of between 50 per 100,000
in the Guangdong Province of Southern China. Emigration
from high- to low-incidence areas such as the United States
and Canada reduces the incidenceof NPCin ﬁrst-generation
Chinese, but it still remains at seven-times the rate in Cau-
casians [8].
NPC presents as a complex disease caused by an interac-
tion between chronic infection with oncogenic gamma her-
pesvirus Epstein-Barr virus (EBV) and environmental and
genetic factors, involving a multistep carcinogenic process
[10]. EBV exists worldwide, infecting over 95% of the global
adult population [13]. In Hong Kong, 80% of children are
infected by 6 years of age, and almost 100% have sero-
converted by 10 years of age [14]. Although primary EBV
infection is typically subclinical, the virus is associated with
the later development of several malignancies, including
NPC [11]. It is transmitted by saliva, and its primary infec-
tion occurs during childhood with replication of the virus in2 International Journal of Otolaryngology
the oropharyngeal lining cells, followed by a latent infection
of B lymphocytes (primary target of EBV). Elevated titers of
EBV-associated antigens (especially of IgA class), a latent
EBV infection indentiﬁed in neoplastic cells of virtually all
cases of NPC, and the clonal EBV genome consistently de-
tected in invasive carcinomas and high-grade dysplastic le-
sions suggest a critical role of EBV in the pathogenesis of
NPC in endemic areas [10].
Nonviral exposure associated with the risk of NPC
involves the consumption of salt-preserved ﬁsh, a traditional
staple food in several NPC-endemic areas [11]. In studies
of Chinese populations, the relative risk of NPC associ-
ated with weekly consumption, compared with no or rare
consumption, generally ranged from 1.4 to 3.2 per 100,000
whereas that for daily consumption ranged from 1.8 to
7.5 [15–22]. Salt-preserved foods are a dietary staple in all
NPC-endemic populations [23]. Thus, this dietary staple
pattern may explain part of the international distribution of
NPC incidence. The carcinogenic potential of salt-preserved
ﬁsh is supported by experiments in rats, which develop
malignant nasal and nasopharyngeal tumors after salted ﬁsh
consumption [18, 24, 25]. The process of salt preservation is
ineﬃcient, allowing ﬁsh and other foods to become partially
putreﬁed. As a result, these foods accumulate signiﬁcant
levels of nitrosamines, which are known carcinogens in
animals [23,26,27].Salt-preservedﬁsh also containbacterial
mutagens, direct genotoxins, and EBV-reacting substances
[28–30], any or all of which could also contribute to the ob-
served association. However, there have been no prospective
studies of NPC risk associations with salt-preserved ﬁsh con-
sumption, or virtually any other environmental exposure, in
endemic areas.
Severalassociations have beendescribed between the fre-
quency of human leukocyte antigen (HLA) class I genes in
certain populations and the risk of developing NPC. For
example, increased risk of NPC was observed in individuals
withtheHLA-A2allele,particularly HLA-A0207[31].Recent
genome-wide association studies conﬁrmed involvement of
HLA molecules in NPC generation [32, 33]. Cellular gene
alterationsalsocontributetodevelopmentofNPC,especially
inactivation of tumor suppressor genes, SPLUNC1, UBAP1,
BRD7, Nor1, NGX6, and LTF [34].
3.Pathology
In 1978, the histological classiﬁcation guideline proposed by
the World Health Organization (WHO) categorized NPC
into three groups: type 1 (keratinizing squamous cell car-
cinoma), type 2 (nonkeratinizing carcinoma), and type 3
(undiﬀerentiated carcinoma). The 1991 WHO classiﬁca-
tion of nasopharyngeal carcinoma divided them into two
groups: squamous cell carcinoma (keratinizing squamous
cell carcinoma, type 1 of the former classiﬁcation), and
nonkeratinizing carcinoma (types 2 and 3 of the former clas-
siﬁcation combined into a single category). Nonkeratinizing
carcinoma was further subdivided into diﬀerentiated and
undiﬀerentiated carcinomas [35]. This classiﬁcation is more
applicable for epidemiological research and has also been
shown to have a prognostic signiﬁcance. Undiﬀerentiated
carcinomas have ahigher local tumorcontrolrate withtreat-
ment and a higher incidence of distant metastasis than do
diﬀerentiated carcinomas [36, 37].
Published data indicate a higher proportion of keratiniz-
ing squamous cell carcinoma among all NPC in nonendemic
compared with endemic areas. Some studies reported that
squamous cell carcinoma accountsfor approximately 25% of
all NPC in North America, but only 1% in endemic areas;
whereas undiﬀerentiated carcinoma accounts for 95% of all
cases in high-incidence areas, but 60% of cases in North
America [9, 10, 38].
4.Initial Treatment
Radiotherapy is the mainstay of treatment for NPC. Typical
radiation ﬁelds encompass the adjacent skull base and
nasopharynx. Fields are bilaterally directed and include the
retropharyngeal lymphatic drainage pathway. The control
rate on conventional radiotherapy is 75 to 90% in T1 and
T2 tumors, and 50 to 75% in T3 and T4 tumors. Because
of the high incidence of occult cervical node metastasis,
prophylactic neck radiation is recommended even in N0
cases[39].Thecontrolofcervicalnodalregionsisachievedin
90% of N0 and N1 cases, and about 70% of N2 and N3 cases
[40]. It is mandatory to keep the treatment schedule because
interrupted or prolonged treatment reduces the beneﬁts of
radiotherapy [41].
Recent studies have suggested that addition of chemo-
therapy to radiotherapy improves the treatment results in
patients with nasopharyngeal carcinoma. Phase III random-
ized intergroup study 0099 showed that patients treated
with radiation alone had a signiﬁcantly lower 3-year sur-
vival rate than those receiving radiation with cisplatin
and 5-ﬂuorouracil chemotherapy [42]. A meta-analysis of
chemotherapy for NPC conducted by Baujat et al. [43]
employed an individual patient data design. They reported
a deﬁnite improvement of the 5-year survival rate due to the
additionofchemotherapy(56%withradiotherapyalonever-
sus 62% with chemoradiotherapy). In additionto these ﬁnd-
ings, other phase III or meta-analysis studies also reported
the superiority of concurrent chemoradiotherapy versus
radiotherapy alone [44–46]. The above-described reports
suggest the beneﬁts of the addition of chemotherapy, espe-
ciallyinadvancedNPCcases.However,thereisstilldebateon
the eﬀectiveness of the addition of chemotherapy, and issues
regarding the addition of adjuvant chemotherapy are even
more controversial [40].
5.EarlyDetectionof
Nasopharyngeal Carcinoma
Wei and Sham [9] divided symptoms presented by NPC
patients into four categories: (1) symptoms caused by the
presence of a tumor mass in the nasopharynx (epistaxis,
nasal obstruction, and discharge), (2) symptoms associated
with dysfunction of the Eustachian tube (hearing loss), (3)
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tumor (headache, diplopia, facial pain, and numbness), and
(4) neck masses. Because symptoms related to NPC in the
early stage are usually nonspeciﬁc, most NPC patients are
diagnosed in the advanced stage. As treatment results for
NPC are not satisfactory in the advanced stage, early diag-
nosis and appropriate management are important to achieve
favorable treatment results. The development of a good
primary NPC screening protocol may thus contribute to the
early detection and improve the treatment outcome.
The endemic form of NPC is associated with EBV, al-
though the exact role of EBV in the pathogenesis of NPC
remains unclear. IgA antibody titers to EBV viral capsid
antigen (EBV-IgA-VCA) and EBV early antigen (EBV-EA)
in immunoﬂuorescent assays may be used for the serologic
screening of NPC [47, 48]. In recent years, enzyme-linked
immunosorbent assays (ELISA) employing puriﬁed recom-
binant EBV antigens are increasingly advocated in place
of traditional immunoﬂuorescent assays [49]. These tests
frequently precede the appearance of NPC and serve as
tumor markers of remission and relapse [50, 51]. Ji et al.
[52] monitored EBV IgA antibody levels of NPC cases in
a prospective manner. They conﬁrmed that elevation of the
EBVantibody levelsprecededtheclinicalonset ofNPC.They
also reported that there is a window of about 3 years pre-
ceding the clinical onset, when the antibody level is elevated
and maintained at high levels [53]. However, none of these
serologic screening tests appear satisfactory to date because
of low-level sensitivity or speciﬁcity. Detection of the EBV
gene in nasopharyngeal swabs from symptomatic patients
has been shown to be highly predictive of symptomatic NPC
[54, 55].
Proteomic approaches have been applied for the analysis
ofmalignant neoplasms.Forpracticalusageintumorscreen-
ing, biomarkers should be measurable in body ﬂuid samples
[55]. Recently, Wei et al. [56] analyzed serum samples from
patients with NPC employing proteomic analysis. In their
report, four protein peaks at 4,097, 4,180, 5,912, and 8,295
daltons (Da) discriminated NPC patients with a sensitivity
of 94.5% and speciﬁcity of 92.9%. Furthermore, Chang et al.
[55] reported that the use of a three-marker panel (cystatin
A, MnSOD, and MMP2) could contribute to improved NPC
detection. Other potential markers for the diagnosis of NPC
include Galectin-1, ﬁbronectin, Mac-2 binding protein, and
plasminogen activator inhibitor 1 [57, 58]. There is a pos-
sibility that the incorporation of these tests in the routine
screening of NPC may enhance its early detection.
The importance of clinical syndromes, history, and clini-
cal examination for helping the early diagnosis of NPCcould
notbeignored. Individuals with acquiredimmunodeﬁciency
syndrome (AIDS) manifest an increased risk of NPC [59].
The most common presenting complaint is a painless upper
neck mass or masses. Any adult presenting with unexplained
unilateral serous otitis media should be carefully examined
to rule out NPC. Endoscopy plays a key role in detecting the
early NPC lesions, and endoscopic biopsy enables their de-
ﬁnitive diagnosis. Early lesions usually occur on the lateral
wall or roof of the nasopharynx. Vlantis et al. [60]r e p o r t e d
anobjectiveendoscopicscoreofabnormalityofnasopharynx
to predict the likelihood of NPC. However, clinicians should
keep in mind the fact that detection of NPC is sometimes
diﬃcult with endoscopy. Endoscopic ﬁndings may be subtle
in early NPClesions: onlyslight fullness in theRosenm¨ uller’s
f o s s a ,o ras m a l lb u l g eo ra s y m m e t r yi nt h er o o f .W h e n
NPC is strongly suspected, considering early diagnosis of
NPC, appropriate imaging examinations and/or biopsy of
the nasopharyngeal mucosa are recommended even if the
mucosal surface exhibits normal appearance.
Careful attentionshould be paid when MRI is conducted
for a patient with unilateral serous otitis media (stasis of
secretions in unilateral middle ear) or cervical lymph node
adenopathy. Most NPC cases originate in Rosenm¨ uller’s
fossa. ObstructionofthepharyngealoriﬁceoftheEustachian
tube results in serous otitis media. Approximately 70% of
NPC patients initially present with neck masses, and 60
to 96% of NPC patients exhibited cervical lymph node
adenopathy atthe time of presentation [61–63]. Neckmasses
are usually observed in the upperneck [40]. T1 tumors, con-
ﬁned to the nasopharynx, may be clinically occult, and also
may be diﬃcult to diﬀerentiate from the normal mucosa
on a CT scan and MRI. However, such small tumors are
usually readily evident by their less intense enhancement by
gadolinium than the normal nasopharyngeal mucosa [64].
Furthermore, MRI may help to depict subclinical cancers
missed at endoscopy [65]. It has been suggested that MRI is
superior to 18-ﬂuoro-2-deoxyglucose (FDG) positron emis-
sion tomography (PET) for the assessment of locoregional
invasion and retropharyngeal nodal metastasis. PET is not
suitable for detecting small retropharngeal nodes or for
distinguishing retropharyngeal nodes from adjacent primary
tumors [66].
6.EarlyDiagnosisof Recurrent
Nasopharyngeal Carcinoma
To date, the modalities commonly used in the followup of
patients with NPC include clinical examinations and imag-
ing studies. Inspection with a ﬂexible ﬁberscope plays a pri-
mary role in followupexaminations. However,mucosalreac-
tions to radiotherapy make it diﬃcult to ﬁnd early recurrent
lesions. Secretions and crust covering the nasopharyngeal
mucosa also hamper the early detection of local recur-
rence. In addition, the detection of submucosal or deep-
seated recurrent lesions is diﬃcult with ﬁberscopic exami-
nations. If recurrent NPC lesions can be diagnosed properly
and in a timely manner, these lesions may be treated by
chemotherapy, reirradiation, such as further conventional
external beam radiotherapy, brachytherapy, and stereotactic
radiotherapy,orsurgery[9].Regardingsurgery,conventional
nasopharyngectomy forrecurrent NPClesions canstill result
in serious complications. However, early recurrent lesions
(such as rT1 lesions) may be eﬀectively treated with laser
nasopharyngectomy [67]. Diagnostic uncertainty may result
in delayed treatment, which reduces the life expectancy of
patients with recurrent NPC lesions.
Narrow-band imaging (NBI) is a novel technique that
enhances the diagnostic sensitivity of endoscopesfor charac-
terizing tissues using narrow-bandwidth ﬁlters in a sequen-
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carcinoma lesions, which are rarely detected using conven-
tional endoscopy, can be observed with NBI by viewing the
nonangiogenetic, microvascular proliferation pattern [68,
69]. Recently, Lin and Wang [69] applied this technique to
the detection of early recurrent mucosal lesions of NPC.
They reported that early recurrent lesions of NPC after
radiotherapy were successfully detected by NBI coupled with
conventional endoscopy.
Regarding imaging studiesafterinitial treatment, CTand
MRI are widely used for the detection of recurrent lesions.
Generally, MRI is superior to CT in the detection of soft
tissue abnormalities. The baseline MRI study is often con-
ducted 2 to 3 months after termination of the initial treat-
ment. After the baseline evaluation, close evaluation is
recommended with further imaging followup every 3 to 6
months for the ﬁrst 2 years posttreatment [63]. Edema
induced by radiotherapy may be noted in the initial im-
aging studies. However, any signal abnormalities in the naso-
pharynx on MRI should be stable or reduced in this
followup period. After 2-year followup without evidence of
recurrence, the imaging interval is extended to be every 6 to
12 months [63]. Recently, the eﬀectiveness of FDG-PET in
the detection of residual or recurrent NPC lesions has been
reported from several institutes. FDG-PET is increasingly
beingusedfordetectionofrecurrent lesionsin many typesof
tumor .PETisr eport edlyusefult odistinguishr ecurr entNPC
tumors from postirradiation changes, such as tissue necrosis,
ﬁbrosis, and edema [70–73]. Liu et al. [74]r e p o r t e dt h a t
sensitivities ofCT,MRI,andPETforthedetectionofresidual
or recurrent NPC lesions were 76, 78, and 95%, respectively.
These ﬁndings suggest that PET can be a useful tool for the
detection of recurrent NPC lesions. However, there are also
some limitations regarding the use of PET for the detection
ofearly recurrent NPC lesions. FDG uptakewas increased by
inﬂammatory reactionsintheearlyperiodafterradiotherapy
[74]. Furthermore, a recent cost-based analysis suggested
that it is most cost-eﬀective to perform PET if MRI results
are unclear [75].
7.Conclusions
NPC detection in the early stage is often diﬃcult because
thesymptoms are notspeciﬁc. EBV-related serologictestsare
usedasscreeningtoolsinhigh-riskpopulations,althoughthe
screening tests available in daily clinics are not satisfactory.
Molecular biomarkers are under examination as a new tool
for the detection of early NPC lesions. Regarding imaging
modalities, MRI seems suitable for the detection of early
lesions, and the routine use of PET for the initial diagnosis
of NPC does not seem to be justiﬁed. The early diagnosis
of recurrent or residual NPC lesions is also challenging.
Postradiation mucosal reactions make a precise diagnosis
diﬃcult. PET is useful in distinguishing recurrent NPC
regions if MRI ﬁndings are not deﬁnitive. NBI may also be
useful in detecting early recurrent mucosal lesions. In ad-
dition to the new diagnostic modalities, improvement in
the awareness of physicians and the general population
regarding this carcinoma undoubtedly contributes to the
earlier detection of the disease.
References
[1] J. S. T. Sham, W. I. Wei, Z. Yong-Sheng et al., “Detection
of subclinical nasopharyngeal carcinoma by ﬁbreoptic endos-
copy and multiple biopsy,” The Lancet, vol. 335, no. 8686, pp.
371–374, 1990.
[ 2 ]M .A g u l n i ka n dJ .B .E p s t e i n ,“ N a s o p h a r y n g e a lc a r c i n o m a :
current management, future directions and dental implica-
tions,” Oral Oncology, vol. 44, no. 7, pp. 617–627, 2008.
[ 3 ]A .F a n d i ,M .A l t u n ,N .A z l i ,J .P .A r m a n d ,a n dE .C v i t k o v i c ,
“Nasopharyngeal cancer: epidemiology, staging, and treat-
ment,”Seminars inOncology, vol.21,no.3,pp. 382–397,1994.
[4] Homepage of Surveillance Epidemiology and End Results
(SEER) Program. U.S. National Cancer Institute.
[5] D. P. Huang, “Epidemiology of nasopharyngeal carcinoma,”
Ear, Noseand Throat Journal, vol.69,no.4,pp. 222–224,1990.
[6] D. Jeannel, M. Ghnassia, A. Hubert et al., “Increased risk of
nasopharyngeal carcinoma among males of French origin
born in Maghreb (North Africa),” International Journal of
Cancer, vol. 54, no. 4, pp. 536–539, 1993.
[7] P.Buell,“Theeﬀectofmigrationontheriskofnasopharyngeal
cancer among Chinese,” Cancer Research,v o l .3 4 ,n o .5 ,p p .
1189–1191, 1974.
[8] R. I. Dickson, “Nasopharyngeal carcinoma: an evaluation of
209 patients,” Laryngoscope, vol. 91, no. 3, pp. 333–354, 1981.
[9] W. I. Wei and J. S. T. Sham,“Nasopharyngeal carcinoma,”The
Lancet, vol. 365, no. 9476, pp. 2041–2054, 2005.
[ 1 0 ]X .Z h o u ,J .C u i ,A .A .K a j d a c s y - B a l l a ,H .Y e ,J .W a n g ,a n dP .
N. Rao, “The progress on genetic analysis of nasopharyngeal
carcinoma,” Comparative and Functional Genomics, vol. 2007,
Article ID 57513, 2007.
[11] E.T.ChangandH.O.Adami,“The enigmaticepidemiologyof
nasopharyngeal carcinoma,” Cancer Epidemiology Biomarkers
and Prevention, vol. 15, no. 10, pp. 1765–1777, 2006.
[12] J. H. C. Ho, “An epidemiologic and clinical study of nasopha-
ryngeal carcinoma,” International Journal of Radiation Oncol-
ogy Biology Physics, vol. 4, no. 3-4, pp. 183–198, 1978.
[13] A. B. Rickinson and E. Kieﬀ, “Epstein-Barr virus,” in Field’s
virology, D. M. Knipe and P. M. Howley, Eds., pp. 2575–2627,
Lippincott Williams & Wilkins, Philadelphia, Pa, USA, 4th
edition, 2001.
[ 1 4 ]H .O .K a n g r o ,H .K .O s m a n ,Y .L .L a u ,R .B .H e a t h ,C .Y .
Y e u ng,andM.H .N g,“ Se r op r ev ale nc eofant ib od ie st ohu man
herpesviruses in England and Hong Kong,” Journal of Medical
Virology, vol. 43, no. 1, pp. 91–96, 1994.
[15] B. E. Henderson and E. Louie, “Discussion of risk factors for
nasopharyngealcarcinoma,”IARC, vol.20,pp. 251–261,1978.
[ 1 6 ]M .C .Y u ,J .H .C .H o ,R .K .R o s s ,a n dB .E .H e n d e r -
son, “Nasopharyngeal carcinoma in Chinese—salted ﬁsh or
inhaled smoke?”Preventive Medicine,vol.10, no.1, pp. 15–24,
1981.
[ 1 7 ]M .C .Y u ,J .H .C .H o ,S .H .L a i ,a n dB .E .H e n d e r s o n ,“ C a n -
tonese-style salted ﬁsh as a cause of nasopharyngeal carci-
noma: report of a case-control study in Hong Kong,” Cancer
Research, vol. 46, no. 2, pp. 956–961, 1986.
[ 1 8 ]M .C .Y u ,P .W .N i c h o l s ,X .N .Z o u ,J .E s t e s ,a n dB .E .
Henderson, “Induction of malignant nasal cavity tumours in
Wistar rats fed Chinese salted ﬁsh,” British Journal of Cancer,
vol. 60, no. 2, pp. 198–201, 1989.
[19] M. C. Yu, T. B. Huang, and B. E. Henderson, “Diet
and nasopharyngeal carcinoma: a case-control study in
Guangzhou, China,” International Journal of Cancer, vol. 43,
no. 6, pp. 1077–1082, 1989.International Journal of Otolaryngology 5
[20] R.W.Armstrong,P.B.Imrey,M.S.Lye,M.JocelynArmstrong,
M. C. Yu, and S. Sani, “Nasopharyngeal carcinoma in ma-
laysian chinese: salted ﬁsh and other dietary exposures,”
International Journal of Cancer, vol. 77, no. 2, pp. 228–235,
1998.
[21] J. M. Yuan, X. L. Wang, Y. B. Xiang, Y. U. T. Gao, R. K. Ross,
and M. C. Yu, “Preserved foods in relation to risk of nasopha-
ryngeal carcinoma in Shanghai, China,” International Journal
of Cancer, vol. 85, no. 3, pp. 358–363, 2000.
[22] J. Zou, Q. Sun, S. Akiba et al., “A case-control study of
nasopharyngeal carcinoma in the high background radiation
areas of Yangjiang, China,” Journal of Radiation Research,v o l .
41, pp. 53–62, 2000.
[23] S.Poirier,A.Hubert, G.de-Th´ e, H. Ohshima,M.C.Bourgade,
and H. Bartsch, “Occurrence of volatile nitrosamines in food
samples collected in three high-risk areas for nasopharyngeal
carcinoma,” IARC, no. 84, pp. 415–419, 1987.
[ 2 4 ]D .P .H u a n g ,J .H .C .H o ,D .S a w ,a n dT .B .T e c h ,“ C a r c i n o m a
of the nasal and paranasalregions in rats fed Cantonese salted
marine ﬁsh,” IARC, vol. 20, pp. 315–331, 1978.
[25] X. Zheng,Y. Luo, B. Christensson,andB.Drettner, “Induction
of nasal and nasopharyngeal tumours in Sprague-Dawley rats
fed with Chinese salted ﬁsh,” Acta Oto-Laryngologica, vol. 114,
no. 1, pp. 98–104, 1994.
[26] S. Preston-Martin, “N-nitroso compounds as a cause of hu-
man cancer,” IARC, no. 84, pp. 477–484, 1987.
[27] X. N. Zou, S. H. Lu, and B. Liu, “Volatile N-nitrosamines and
their precursors in Chinese salted ﬁsh—a possible etological
factor for NPC in China,” International Journal of Cancer,v o l .
59, no. 2, pp. 155–158, 1994.
[28] Y. M. Shao, S. Poirier, H. Ohshima et al., “Epstein-Barr virus
activation in Raji cells by extracts of preserved food from high
risk areas for nasopharyngeal carcinoma,” Carcinogenesis,v o l .
9, no. 8, pp. 1455–1457, 1988.
[29] S.Poirier,G.Bouvier,C.Malaveilleetal.,“Volatilenitrosamine
levels and genotoxicity of food samples from high-risk areas
for nasopharyngeal carcinoma before and after nitrosation,”
International Journal of Cancer, vol. 44, no. 6, pp. 1088–1094,
1989.
[30] C.S.Chen,B.C.PignatelliMalaveille,G.Bouvieretal.,“Levels
of direct-acting mutagens, total N-nitroso compounds in
nitrosated fermented ﬁsh products, consumed in a high-risk
area for gastric cancer in southern China,” Mutation Research,
vol. 265, no. 2, pp. 211–221, 1992.
[31] A. Hildesheim, R. J. Apple, C. J. Chen et al., “Association of
HLA class I and II alleles and extended haplotypes with
nasopharyngeal carcinoma in Taiwan,” Journal of the National
Cancer Institute, vol. 94, no. 23, pp. 1780–1789, 2002.
[32] J. X. Bei, Y. I. Li, W. H. Jia et al., “A genome-wide association
study of nasopharyngeal carcinoma identiﬁes three new sus-
ceptibility loci,” Nature Genetics, vol. 42, no. 7, pp. 599–603,
2010.
[33] K. A. P. Tse, W. H. Su, K. P. Chang et al., “Genome-wide
associationstudy reveals multiple nasopharyngealcarcinoma-
associatedlociwithintheHLAregionatchromosome6p21.3,”
American Journal of Human Genetics, vol. 85, no. 2, pp. 194–
203, 2009.
[34] W. L. Zhang, Y. H. Zhou, L. Xiao et al., “Biomarkers
of nasopharyngeal carcinoma,” Progress in Biochemistry and
Biophysics, vol. 35, no. 1, pp. 7–13, 2008.
[35] K Shanmugaratnam and L. H. Sobin, “Histological typing of
tumorsof the upper respiratory tract andear,” inInternational
Histological Classiﬁcation of Tumors. No 19, K Shanmugarat-
nam and L. H. Sobin, Eds., pp. 32–33, WHO, Geneva,
Switzerland, 1991.
[36] S. P. Reddy, W. F. Raslan, S. Gooneratne, S. Kathuria, and J. E.
Marks, “Prognostic signiﬁcance of keratinization in nasopha-
ryngeal carcinoma,” American Journal of Otolaryngology,v o l .
16, no. 2, pp. 103–108, 1995.
[37] J.E. Marks,J.L.Phillips,and H. R. Menck,“The nationalcan-
cer data base report on the relationship of race and national
origin to the histology of nasopharyngealcarcinoma,” Cancer,
vol. 83, no. 3, pp. 582–588, 1998.
[38] A. Jeyakumar, T. M. Brickman, A. Jeyakumar, and T. Doerr,
“Review of nasopharyngeal carcinoma,” Ear, Nose and Throat
Journal, vol. 85, no. 3, pp. 168–184, 2006.
[39] A. W. M. Lee, J. S. T. Sham, Y. F. Poon, and J. H. C. Ho,
“Treatment of Stage I nasopharyngeal carcinoma: analysis of
the patterns of relapse and the results of withholding elective
neck irradiation,” International Journal of Radiation Oncology
Biology Physics, vol. 17, no. 6, pp. 1183–1190, 1989.
[40] W. I. Wei and D. L. W. Kwong, “Current managementstrategy
of nasopharyngeal carcinoma,” Clinical and Experimental
Otorhinolaryngology, vol. 3, no. 1, pp. 1–12, 2010.
[41] D. L. W. Kwong, J. S. T. Sham, D. T. T. Chua, D. T. K. Choy,
G. K. H. Au, and P. M. Wu, “The eﬀect of interruptions and
prolonged treatment time in radiotherapy for nasopharyngeal
carcinoma,” International Journal of Radiation Oncology Biol-
ogy Physics, vol. 39, no. 3, pp. 703–710, 1997.
[42] M.Al-Sarraf,M.LeBlanc,P.G.S.Girietal.,“Chemoradiother-
apy versus radiotherapy in patients with advanced nasopha-
ryngeal cancer: phase III randomized Intergroup study 0099,”
Journal of Clinical Oncology, vol. 16, no. 4, pp. 1310–1317,
1998.
[43] B. Baujat, H. Audry, J. Bourhis et al., “Chemotherapy as an
adjunct to radiotherapy in locally advanced nasopharyngeal
carcinoma,” Cochrane Database of Systematic Reviews,n o .4 ,
Article ID CD004329, 2006.
[44] J. P. Pignon, J. Bourhis, C. Domenge, and L. Design´ e,
“Chemotherapy added to locoregional treatment for head
and neck squamous-cell carcinoma: three meta-analyses of
updated individual data,” The Lancet, vol. 355, no. 9208, pp.
949–955, 2000.
[ 4 5 ]A .T .C .C h a n ,P .M .L .T e o ,R .K .N g a ne ta l . ,“ C o n c u r -
rentchemotherapy-radiotherapy comparedwithradiotherapy
alone in locoregionally advanced nasopharyngeal carcinoma:
progression-free survival analysis of a phase III randomized
trial,” Journal of Clinical Oncology, vol. 20, no. 8, pp. 2038–
2044, 2002.
[46] J. C. Lin, J. S. Jan, C. Y. Hsu, W. M. Liang, R. S. Jiang, and W.
Y. Wang, “Phase III study of concurrent chemoradiotherapy
versus radiotherapy alone for advanced nasopharyngealcarci-
noma:positiveeﬀect on overall andprogression-free survival,”
Journal of Clinical Oncology, vol. 21, no. 4, pp. 631–637, 2003.
[ 4 7 ] Z .Y i ,L .Y u x i ,a n dL .C h u n r e n ,“ A p p l i c a t i o no fa ni m m u n o e n -
zymaticmethodandanimmunoautoradiographicmethodfor
a mass survey of nasopharyngeal carcinoma,” Intervirology,
vol. 13, no. 3, pp. 162–168, 1980.
[ 4 8 ]Y .Z e n g ,L .G .Z h a n g ,a n dH .Y .L i ,“ S e r o l o g i c a lm a s ss u r v e y
for early detection of nasopharyngeal carcinoma in Wuzhou
City, China,” International Journal of Cancer, vol.29, no.2, pp.
139–141, 1982.
[ 4 9 ]E .C .B .N a d a l a ,T .M .C .T a n ,H .M .W o n g ,a n dR .C .Y .T i n g ,
“ELISA for the detection of serum. And saliva IgA against the
BMRFI geneproduct ofEpstein-Barr virus,”Journal of Medical
Virology, vol. 50, no. 1, pp. 93–96, 1996.
[50] F. De Vathaire, H. Sancho-Garnier, H. De-The et al., “Prog-
nostic value of EBV markers in the clinical management of
nasopharyngeal carcinoma (NPC): a multicenter follow-up6 International Journal of Otolaryngology
study,” International Journal of Cancer, vol. 42, no. 2, pp. 176–
181, 1988.
[51] K. P. Chang, C. L. Hsu, Y. U. L. Chang et al., “Complementary
serumtestofantibodies toEpstein-Barrvirus nuclearantigen-
1 and early antigen: a possible alternative for primary
screening of nasopharyngeal carcinoma,” Oral Oncology,v o l .
44, no. 8, pp. 784–792, 2008.
[ 5 2 ]M .F .J i ,D .K .W a n g ,Y .L .Y ue ta l . ,“ S u s t a i n e de l e v a t i o no f
Epstein-Barr virus antibody levels preceding clinical onset of
nasopharyngeal carcinoma,” British Journal of Cancer, vol. 96,
no. 4, pp. 623–630, 2007.
[53] S. P. Hao, N. M. Tsang, and K. P. Chang, “Screening nasopha-
ryngeal carcinoma by detection of the latent membrane
protein 1 (LMP-1) gene with nasopharyngeal swabs,” Cancer,
vol. 97, no. 8, pp. 1909–1913, 2003.
[54] N. M. Tsang, C. C. Chuang, C. K. Tseng et al., “Presence of
the latent membrane protein 1 gene in nasopharyngeal swabs
from patients with mucosal recurrent nasopharyngeal carci-
noma,” Cancer, vol. 98, no. 11, pp. 2385–2392, 2003.
[55] K.-P. Chang, C.-C. Wu, H.-C. Chen et al., “Identiﬁcation
of candidate nasopharyngeal carcinoma serum biomarkers
by cancer cell secretome and tissue transcriptome analysis:
potential usage of cystatin A for predicting nodal stage and
poor prognosis,” Proteomics, vol. 10, no. 14, pp. 2644–2660,
2010.
[56] Y. E. S. Wei, Y. H. Zheng, W. B. Liang et al., “Identiﬁcation
of serum biomarkers for nasopharyngeal carcinoma by pro-
teomic analysis,”Cancer, vol. 112, no. 3, pp. 544–551, 2008.
[ 5 7 ]C .E .T a n g ,T .T a n ,C .L ie ta l . ,“ I d e n t i ﬁ c a t i o no fG a l e c t i n - 1a s
a novel biomarkerinnasopharyngealcarcinoma by proteomic
analysis,”Oncology Reports, vol. 24, no. 2, pp. 495–500, 2010.
[58] C. C. Wu, K. Y. Chien, N. M.Tsang et al.,“Cancercell-secreted
p r o t e o m e sa sab a s i sf o rs e a r c h i n gp o t e n t i a lt u m o rm a r k e r s :
nasopharyngeal carcinoma as a model,” Proteomics,v o l .5 ,n o .
12, pp. 3173–3182, 2005.
[59] F. M. Shebl, K. Bhatia, and E. A. Engels, “Salivary gland and
nasopharyngeal cancers in individuals with acquired immun-
odeﬁciency syndrome in United States,” International Journal
of Cancer, vol. 126, no. 10, pp. 2503–2508, 2010.
[60] A. C. Vlantis, W. F. Bower, J. K. S. Woo, M. C. F. Tong, and C.
A. van Hasselt, “Endoscopic assessment of the nasopharynx:
an objective score of abnormality to predict the likelihood of
malignancy,” Annals of Otology, Rhinology and Laryngology,
vol. 119, no. 2, pp. 77–81, 2010.
[ 6 1 ]S .H .N g ,J .T .C .C h a n g ,S .C .C h a ne ta l . ,“ N o d a lm e t a s t a s e s
of nasopharyngeal carcinoma: patterns of disease on MRI
and FDG PET,” European Journal of Nuclear Medicine and
Molecular Imaging, vol. 31, no. 8, pp. 1073–1080, 2004.
[ 6 2 ]A .D .K i n g ,A .T .A h u j a ,S .F .L e u n ge ta l . ,“ N e c kn o d em e t a s -
tases from nasopharyngeal carcinoma: MR imaging of pat-
terns of disease,” Head and Neck, vol. 22, no. 3, pp. 275–281,
2000.
[ 6 3 ]W .T .N g ,A .W .M .L e e ,W .K .K a ne ta l . ,“ N - s t a g i n gb y
magneticresonance imagingforpatients withnasopharyngeal
carcinoma: pattern of nodal involvement by radiological
levels,” Radiotherapy and Oncology, vol. 82, no. 1, pp. 70–75,
2007.
[64] C. M. Glastonbury, “Nasopharyngeal carcinoma: the role of
magnetic resonance imaging in diagnosis, staging, treatment,
and follow-up,” Topics in Magnetic Resonance Imaging,v o l .1 8 ,
no. 4, pp. 225–235, 2007.
[ 6 5 ] A .D .K i n g ,A .C .V l a n t i s ,K .S .S .B h a t i ae ta l . ,“ P r i m a r yn a s o -
pharyngeal carcinoma: diagnostic accuracy of MR imaging
versus that of endoscopy and endoscopic biopsy,” Radiology,
vol. 258, no. 2, pp. 531–537, 2011.
[ 6 6 ]A .D .K i n g ,B .B .M a ,Y .Y .Y a ue ta l . ,“ T h ei m p a c to fF -
FDG PET/CT on assessment of nasopharyngeal carcinoma at
diagnosis,” British Journal of Radiology, vol. 81, no. 964, pp.
291–298, 2008.
[ 6 7 ]J .Y .K o ,C .P .W a n g ,L .L .T i n g ,T .L .Y a n g ,a n dC .
T. Tan, “Endoscopic nasopharyngectomy with potassium-
titanyl-phosphate (KTP) laser for early locally recurrent
nasopharyngeal carcinoma,” Head and Neck, vol. 31, no. 10,
pp. 1309–1315, 2009.
[68] C. Piazza, O. Dessouky, G. Peretti, D. Cocco, L. De Benedetto,
and P. Nicolai, “Narrow-band imaging: a new tool for evalu-
ation of head and neck squamous cell carcinomas. Review of
the literature,” Acta Otorhinolaryngologica Italica, vol. 28, no.
2, pp. 49–54, 2008.
[69] Y.-C. Lin and W.-H. Wang, “Narrow-band imagingfor detect-
ing early recurrent nasopharyngeal carcinoma,” Head and
Neck, vol. 33, no. 4, pp. 591–594, 2011.
[70] C. H. Kao, Y. U. C. Shiau, Y. Y. Shen, and R. F. Yen,
“Detection of recurrent or persistent nasopharyngeal car-
cinomas after radiotherapy with technetium-99m methoxy-
isobutylisonitrile single photon emission computed tomogra-
phy and computed tomography: comparison with 18-ﬂuoro-
2-deoxyglucose positron emission tomography,” Cancer,v o l .
94, no. 7, pp. 1981–1986, 2002.
[71] R. F. Yen, R. L. Hung, M. H. Pan et al., “18-Fluoro-2-
deoxyglucose positron emission tomography in detecting
residual/recurrent nasopharyngeal carcinomas and compari-
son with magnetic resonance imaging,” Cancer, vol. 98, no. 2,
pp. 283–287, 2003.
[ 7 2 ]R . - F .Y e n ,R . - L .H o n g ,K . - Y .T z e n ,M . - H .P a n ,a n dT .H .H .
Chen, “Whole-body 18F-FDG PET in recurrent or metastatic
nasopharyngeal carcinoma,” Journal of Nuclear Medicine,v o l .
46, no. 5, pp. 770–774, 2005.
[73] S. H. Ng, J. C. Tung-Chieh, S. C. Chan et al., “Clinical use-
fulness of F-FDG PET in nasopharyngeal carcinoma patients
with questionable MRI ﬁndings for recurrence,” Journal of
Nuclear Medicine, vol. 45, no. 10, pp. 1669–1676, 2004.
[ 7 4 ]T .L i u ,W .X u ,W .L .Y a n ,M .Y e ,Y .R .B a i ,a n dG .H u a n g ,
“FDG-PET, CT, MRI for diagnosis of local residual or re-
current nasopharyngeal carcinoma, which one is the best?
As y s t e m a t i cr e v i e w , ”Radiotherapy and Oncology, vol. 85, no.
3, pp. 327–335, 2007.
[75] R. F. Yen, M. F. Yen, R. L. Hong, K. Y. Tzen, C. R. Chien, and
T. H. H. Chen, “The cost-utility analysis of 18-ﬂuoro-2-
deoxyglucose positron emission tomography in the diagnosis
of recurrent nasopharyngealcarcinoma,” Academic Radiology,
vol. 16, no. 1, pp. 54–60, 2009.